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3"IRD SURVEYOR 

LAUNCH SLATED 

Surveyor C, the t h i r d  United S ta t e s  

-q April  14, 1967 10 

spacecraft  designed 

t o  s o f t  land on the Moon, is being prepared f o r  launch f r o m  

Cape Kennedy, Fla., during the period of Apr i l  17 - 21. 

The seven-spacecraft Surveyor s e r i e s  i s  intended t o  

develop the technology Qf soft-landing on the Moon and to  

provide s c i e n t i f i c  &d engineering data t o  support the Apollo 

manned landing program. 

Basic information on i t s  lunar landing s i te  that Surveyor 

w i l l  r e turn  t o  Earth will be photographs taken by a s ingle  

survey te lev is ion  camera and data provided by other  onboard 

instrumentation. 

Surveyor C i s  iden t i ca l  to  e a r l i e r  spacecraft  i n  the 

series with these exceptions: 

-9 It will be equipped with a surface sampler instrument 

that can d ig  in to  the lunar surface t o  provide data on lunar 

soi l  cha rac t e r i s t i c s  

-more - 
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=- The spacecraft  w i l l  be equipped with two flat mirrors 

t o  extend the v i s u a l  range of the te lev is ion  camera under the 

spacecraft  

-- The Atlas-Centaur launch vehicle w i l l  launch Surveyor 

with a parking o r b i t  Instead of a d i r e c t  ascent t ra jectorg.  

The launch, by Atlas-Centaur 12, w i l l  be f r o m  Complex 36 at 

Cape Kennedy. 

!he park- o r b i t  launch allows the second stage and the 

spacecraf t  t o  coast  In Earth o r b i t  before burning the Centaur 

stage engines a second time t o  achieve the required veloci ty  

f o r  lunar flight. 

i n  choosing the a r r i v a l  tlne a t  the Moon and allows better 

cont ro l  of l ighting conditions on the Moon a t  the t l se  of 

landing. 

This technique givea greater flexibility 

'Phe Surveyor C mission w i l l  last about 65 hours from 

l i f t - o f f  t o  lunar landing. 

rocket  and three small vernier rocket englnee, w i l l  slow Surveyor 

f r o m  a lunar approach speed of about 6,000 miles-per-hour to 

about 10 miles-per-hour for a 8of t  landing. 

A large aol id  propellant retro- 

On the first day of the launch period, Apri l  17, the 

launch can occur between 1:24 a.m., EST and 4:09 a.m. 

-more- 
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L Surveyor C w i l l  be aimed f o r  a 37-mile-diameter c i r c l e  

in eas te rn  Oceanus Procellarum (Ocean of Storms) a t  23O 1 0 8  

West longitude and 3O 20’ South la t f tude .  The center  of the 

t a rge t  c i r c l e  is 72 miles southeast of the rim of‘ the crater 

hnsbarg and some 56 miles northeart  of the Riphasus moun- 

ta ins .  The l a rges t  c r a t e r  near the target o i r c l e  is Fra 

Mauro B ( f ive  miles i n  diameter) which 1s ten mlles aoutheast 

of the c i r c l e .  

U i t h i n  the target area, there a re  several  small v i s ib l e  

c ra te rs .  One, about a mlle in diameter, l ies  very close t o  

the center  of the c i rc le .  The highest loca l  surface feature  

is a mountain peak 1,575 f e e t  high lying on the northwest 

edge of the c i r c l e  -- about 1% miles from i t s  center. 

target site has been photographed by Lunar Orbiters I and 

I11 and is a candidate Apollo landing site. 

me 

A t  launch, Surveyor C will weigh 2,283 pounds. me 

retromotor, which w i l l  be Jet t isoned after burnout, weighs 

1,444 pounds. After expenditure of l iqu id  propel lants  and 

attitude cont ro l  gas, the landed weight of Surveyor on the 

Moon w i l l  be about 620 pounds. 

Except f o r  the surface sampler and mirrors, Surveyor C 

w i l l  be equipped ident ica l ly  to  its e a r l i e r  sister spacecraft ,  

carrying a TV camera and engineering instrumentation. It w i l l  

a l s o  obta in  data on the radar r e f l e c t i v i t y ,  mechanical pro- 

p e r t i e s ,  and thermal conditions of! the  lunar surface. 

-more - 
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Surveyor I soft-landed on the Moon June 2, 1966, and 

returned 11,150 high qua l i ty  photographs of the lunar te r ra in .  

It survived e ight  months on the lunar surface during which 

time it withstood e ight  cycles of extreme heat and cold. 

Surveyor I1 was launched on Sept. 20, 1966, but the mission 

f a i l e d  when one o f  the three vernier engines failed t o  ign i t e  

during an attempted midcourse maneuver. 

The Surveyor program is directed by NASA's Office of 

Space Science and Applications. 

t o  NASA's Jet  Propulsion Laboratory operated by the Cal i farnia  

I n s t i t u t e  of Technology, Pasadena. Hughes Aircraft Co., 

under contract  t o  JPL, designed and b u i l t  the Surveyor space- 

c r a f t .  NASA's Lewis Research Center, Cleveland, is responsible 

f o r  the Atlas first stage booster and for the eecond stage 

Centaur, both developed by General Dynamics/Convair, San Dlego, 

Calif. Launch operations are directed by Kennedy Space 

Center, Fla, 

ProJect management is assigned 

Tracking and communication with the Surveyor is the 

responaib i l i ty  of the NASA/JPL Deep Space Network (DSN) , 

The stations assigned t o  the Surveyor program are Pioneer, 

a t  Goldstone in California 's  Mojave Desert; Robledo, Spain; 

Ascension Is land i n  the South Atlantic; and Tidbinbilla near 

Canberra, Australia. Data from the s t a t ions  will be t rans-  

mit ted t o  JPL's Space Fl ight  Operations F a c i l i t y  In Pasadena, 

the  command center  f o r  the mission. 

(END OF GENEFUL RELEASE; B A C ~ R O U N D  INFORMATION ~ L I X ) W S )  
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SURVEYOR BACKGROUND 

Surveyor I performed the first ful ly-control led s o f t  
landing on the Moon on June 1, 1966, af ter  a 63-hour, 36- 
minute f l i gh t  from Cape Kennedy. 

Surve o r  I landed a t  a veloci ty  of about 7.5 miles per 
hour a t  2. t 5 degrees south of the lunar  equator and 43.21 de= 
grees West Longitude i n  the southwest port ion of Oceanus 
Procellarurn (Ocean of Storms) , 

During the six weeks fb l lowing  the perfect, three- 
point landing, the spacecraf t l s  survey t e l ev i s ion  camera took 
11,150 high-resolution p ic tures  of the lunar  surface f o r  t rans-  
mission t o  Earth receiving s ta t ions .  Resolution i n  some of the  
closeups was one-hale millimeter o r  about one - f i f t i e th  of an 
inch. These p ic tures  showed d e t a i l s  of the lunar  surface a 
mil l ion times l i n e r  than the best Earth telescope photos. 

From the p ic tures  were derived the representat ive co lors  
of the Moon's surface, ancaccurate view of the t e r r a i n  up t o  
one and one-half miles surrounding the Surveyor, the e f f e c t  of 
landing a spacecraft upon the lunar  surface and p i c t o r i a l  
evidence of lunar  environmental damage t o  the spacecraft  i t se l f .  
A sec t ion  of the  mirrored g lass  r ad ia to r  a top one of the elec- 
t ron ic  equipment compartments was shown t o  be cracked i n  a 
photograph taken during the second lunar  day. 

The spacecraft  a l s o  took a number of p ic tu res  of the 
s o l a r  corona ( the Sun's upper  atmosphere), the planet J u p i t e r  
and the first magnitude stars S i r i u s  and Canopus. 

The t e l ev i s ion  p ic tures  showed that the spacecraft  came 
t o  rest on a saooth, nearly leve l  s i te on the f l o o r  of a ghost 
c r a t e r .  The landing s i te  was surrounded by a gent ly  r o l l i n g  
surface etudded w i t h  c r a t e r s  and l i t tered w i t h  fmgmental de- 
b r i s ,  The c r e s t l i n e s  of low mountains were v i s i b l e  beyond t h e  
horizon. 

By Ju ly  13, Surveyor 1's 42nd day on the Moon, the  space- 
c r a f t  had survived the intense heat of the lunar  day (250 de- 
grees  F), the cold of t he  two-week-long lunar  night (minus 260 
degrees P) and a second f u l l  lunar day. Total  p ic ture  count 
was: first lunar  day -- June 1 t o  June 14 -- 10,338; second 
day -- Ju ly  7 t o  July 13 -- 812. 
Surveyor I (time during which s igna ls  were received from the  
spacecraf t ) was 612 hours . 

The t o t a l  operating time of 

-more- 
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Despite a f a l t e r i n g  battery not expected t o  endure the 
rPgors of the lunar environment over an extended period, Surveyor 
continued t o  accept Earth commands and transmit TV pic tures  
throqgh the second lunar sunset. 
approximately 120,000 commands during the mission. 

It received and acted upon 

Communications wi th  Surveyor I were re-established 
periodical ly  through January, 1967, b u t  no TV pictures  were 
obtained after the July,  1966, ac t iv i ty .  Important Doppler 
data on the motion of the Moon was acquired during the f i n a l  
months of Surveyor operations. 

graphed on the surface of the Moon by Lunar Orbi ter  111. 
On Peb. 22, 1967, a t  12:24 a.m. EST, Surveyor I was photo- 

Surveyor I1 was launched on Sept. 20, 1966, toward Sinus 
Medii i n  the center  of the Moon. An attempt t o  perform the 
midcourse manuever was unsuccessful when one of the three l iqu id  
f u e l  vern ier  engines failed t o  f i re .  The thrus t  imbalance 
caused the spacecraft  t o  begin tumbling.  Repeated attempt8 
were made t o  command a l l  three engines t o  f i r e  t o  regain control  
of t he  spacecraft .  When a l l  attempts failed It was decided 
t o  perform a series of engineering experiments t o  obtain data 
on various subsystems concluding w i t h  the firing of the main 
retrorocket.  The spacecraft impaoted the Moon soueheast of the 
c r a t e r  Copernicus a t  a veloci ty  of nearly 6,000 miles per hour. 

Intensive invest igat ion into possible causes of the 
Surveyor I1 f a i l u r e  by a team comprised of propulsion experts 
from the Je t  Propulsion Laboratory, Hughes Aircraf t  Co., 
Thiokol Chemical Corp. and NASA did not r e s u l t  i n  the i d e n t l f i -  
cat ion of the exact cause. As a r e s u l t  of t h i s  inveetigation, 
however, a number of changes i n  t e s t ing  procedures were recem- 
mended f o r  Surveyor C and subsequent spacecraft  t o  provide 
better diagnostic capabi l i ty  i n  the vernier propulsion system 
during pref l ight  t e s t ing  as well as during the mission. These 
changes are designed t o  mlnlmize the poss ib l l l t y  of recurrence 
of  the Surveyor I1 problem. 

-nore - 
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SURVEYOR C SPACECRAFT 

Spaceframe, Mechanisms and Thermal Control 

The spaceframe of the Surveyor i s  a t r i angu la r  aluminurn 
s t ruc tu re  which provides mounting surfaces and attachments 
f o r  the landing gear, main retrorocket engine, vernier  engines 
and associated tanks, thermal compartments, antennas and other  
e lec t ronic  and mechanical assemblies. 

The frame is  constructed of thin-wall aluminum tubing ,  
w i t h  t he  frame members interconnected t o  form the t r iangle .  
A mast, which supports t he  planar array high-gain antenna 
and s ingle  s o l a r  panel, is  attached t o  the top of the spaceframe. 
The basic frame weighs less than 60 pounds and i n s t a l l a t i o n  
hasdware weighs 23 pounds. 

The Surveyor stands about 10 feet high and, w i t h  i t s  
t r ipod  landing gear extended, can be placed within a 14-foot 
c i r c l e .  A landing leg is  hinged t o  each of the  three lower 
corners of the frame and an aluminum honeycomb footpad is  
attached t o  the outer  end of each leg. An airplane-type shock 
absorber and telescoping lock strut are connected t o  the frame 
so that the legs can be folded i n t o  the nose shroud dur ing  
launch. 

Blocks of crushable aluminum honeycomb are attached t o  
the bottom of the spaceframe a t  each of i ts  three corners t o  
absorb part of the landing shock. Touchdown shock also is  
absorbed by the footpads and by the hydraulic shock absorbers 
whiOh compress w i t h  the  landing load. 

Twoomnidirectional, conical antennas are mounted on the 
ends of folding booms which are hinged t o  the spaceframe. The 
booms remain folded against  the frame dur ing  launch u n t i l  
releaised by squib-actuated pin p u l l e r s  and deployed by to r s ion  
springs.  The antenna booms &re released only after the landing 
legs are extended and locked i n  posit ion.  

An antenna/solar panel posi t ioner  a top the mast supports 
and r o t a t e s  the planar array antenna and s o l a r  panel i n  either 
d i r ec t ion  along four  axes. This freedom of movement allows the 
antenna t o  be oriented toward Earth and the s o l a r  panel toward 
the Sun. 

-more- 
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Two thermal compartments house sens i t i ve  electronic  
apparatus f o r  which ac t ive  thermal control is needed 6hrough- 
out the  mission. The equipment i n  each compartment is  mounted 
on a thermal tray that d i s t r ibu te s  heat throughout the com- 
partment. A n  insulat ing blanket, consis t ing of 75 sheets  of 
aluminized Mylar, i s  sandwiched betwean each compartment's 
inner s h e l l  and the outer  protective cover. The tops of the 
compartments are covered by mirrored g l a s s  thermal rad ia tors  
t o  dissipatae heat. 

Compartment A, which maintains an in t e rna l  temperature 
between 40 degrees and 125 degrees F., contains two radio re- 
ceivers,  two t ransmit ters ,  t he  main battery, battery charge 
regulator,  qra4n power switch and some aux i l i a ry  equipmeht. 

Compartment B, kept between zero and 125 degrees F., 
houses the cen t r a l  command decoder, boost regulator,  cen t ra l  
signal processor, s ignal  processing auxi l iary,  engineering 
signal processor, and low data rate auxi l iary.  

Both compartments contain sensors f o r  reporting tempera- 
t u r e  measurements by telemetry t o  Earth, and heater  assemblies 
t o  maintain the thermal t rgys  above their allowable minimums. 
The compartments a r e  kept below the 125-degree mximum w i t h  
thermal swithces which provide a conductive path t o  the radiating 
surfaces f o r  automatlo disaipat lon of e l e c t r i c a l l y  generated 
heat. Compartment A contains nine thermal switches and com- 
partment B, s l x .  The thermal shell weight of compartment A is 
25 pounds, and compartment B, 18 pounds. 

Passive temperature control isprovided f o r  a l l  equipment, 
not protected by the compartments, through the use  of paint  
pa t te rns  and polished surfaces. 

Twenty-nine pyrotechnic devices mechanically releaee o r  
lock t h e  mechanisms, switches and valves associated with the 
antennas, landing leg locks, r o l l  actuator,  retrorocket erepara- 
t i o n  attachments, helium and nitrogen tanks, shock absorbers 
and the  retromotor detonator. Some are actuated by comarand frolp 
the  Centaur, and others  are actuated by ground command. 

A solid propellant, spherical retrorocket fits within the 
cnifter cavi ty  of the triangular frame and supplies the main 
thrus t  f o r  slowing the  spacecraft on approach t o  the  Moon. 
The u n i t  i s  attached a t  bhree points on the spaceframe near the 
landing leg  hinges, wi th  explosive nut separation points f o r  
e j e c t i o n  after burnout. The motor case, made of high-strength 
steel and insulated with asbestos and Dubber, is 36 inches i n  
diameter. Including the molybdenum nozzle, the unfueled laotor 
weighs 144 pounds. With propellant, the  weight i s  about 1,444 
pounds, o r  more than 60 per cent of the  t o t a l  spacdcraft weight. 

-more - 
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Elec t r i ca l  harnesses and cables interconnect the space- 
craft  subsystems t o  provide correct s ignal  and power flow. 
The harness connecting the two thermal compartments i s  routed 
through a thermal tunnel t o  minimize heat loss from the com- 
partments. Coaxial cable assemblies, attached t o  the space- 
frame by bracket8 and c l ip s ,  are used f o r  highfrequency 
transmission. 

E lec t r i ca l  in te r face  w i t h  the Centaur stage i s  established 
through a 5l-pin connector mounted on the bottom of the space- 
frame between two of the landing legs.  
w i t h  the Centaur connector when the Surveyor is mounted t o  
the launch vehicle. It carries pre-separation commands from 
the Centaur programmer and can handle emergency commands from 
the blockhouse console. Ground power and Prelaunch monitor 
a l s o  pass through the connector. 

The connector mates 

Power Subsystem 

The power sybsystem co l l ec t s  and s to re s  s o l a r  energy, 
converts it t o  usable e l e c t r i c  vsltagg, and d i s t r i b u t e s  it t o  
the o ther  spacecraft  subsystems. The subsystem cons is t s  of the  
s o l a r  panel, a main bat tery and an aux i l i a ry  battery, an auxi- 
l i a r y  ba t te ry  control,  a battery charge regulator,  main power 
switch, boost regulator,  and an engineering mechanisms auxi l iary.  

The so la r  panel is the spacecraf t ' s  primary power source 
during f l i g h t  and during operations i n  the lunar day. It cons is t s  
of 3,960 s o l a r  cells arranged on a thin,  f lat  surface approxi- 
mately nine square feet i n  area. The so la r  cells  are grouped 
i n  792 separate modules and connected i n  series-parallel t o  
guard against  complete f a i l u r e  i n  the event of a s ingle  ce l l  
malfunction . 

The so la r  panel is mounted a t  the top of t he  Surveyor 
spacecraf t ' s  mast. Wing-like, it is  folded away during launch 
and deployed by Earth-command after the spacecraft  has been in- 
jec ted  i n t o  the lunar t r a n s i t  traJectory.  

When proper1 oriented dur ing  i l i g h t ,  the so l a r  panel 
can supply about B 9 watts, most of the power required f o r  the 
average operating load of all on-board equipment. 

be adjusted by Earth-command t o  track the Sun within a few 
degrees, so that the s o l a r  cells remain alwayaperpendicular 
t o  the so la r  radiat ion.  

During operation on t h e  l u n a r  surface, the s o l a r  panel can 

. -more- 
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I n  t h i s  lunar-surface mode, the s o l a r  panel. is designed 
t o  supply a minimum of 77 watts power a t  a temperature of 140 
degrees F., and a minimum of 57 watts a t  a temperature of 239 
degrees F. 

A 14-cell  rechargeable, si lver-zinc main battery I s  the 
spacecraf t ' s  power reservoir.  
during launch; it s to re s  e l e c t r i c a l  energy from the so lgr  panel 
during t r a n s i t  and lunar-day operations; and It provides a 
backup source t o  meet peak power requirements during both of 
those periods. 

It is the sole source of power 

Fully charged, the battery provides 3,800 watt-hour8 
a t  a discharge rate of 1.0 amperes. 
mately 22 v o l t s  d i r e c t  current f o r  all operating and environ- 
mental conditions i n  temperatures from 40 degrees t o  125 degrees 
F. 

Battery output is approxi- 

The auxi l ia ry  battery is P non-rechargeable, si lver-zinc 
battery contained i n  P sealed msgnesium cannister.  
a power backup f o r  both the main ba t tgryand the so la r  panel 
under peak power loading o r  emergency conditions. 

depending upon power load and operating temperature. 

It provides 

The battery has a capacity of from 800 t o  1,000 watt-hours, 

The battery charge regulator and the booster regulator  
are the two power conditioning elements of the spaoecraft's 
e l e c t r i c a l  power subsystem. 

The battery charge regulator couples the s o l a r  panel t o  
the main battery f o r  maximum conversion and transmission of 
the s o l a r  energy necessary t o  keep the main battery a t  f u l l  
c harge . 

It receives power a t  the solar panel 's  varying output 
voltage,  and it  de l ivers  t h i s  power t o  the main battery a t  a 
constant bat tery terminal voltage. 

The battery charge regu la to r  incaudes sensing and logic 
c i r c u i t r y  f o r  atrtomatic ba t te ry  charging whenever battery voltage 
drops below27 v o l t s  direct  cmrrent. Automatic battery charging 
a l s o  maintains battery manifold pressure a t  approximately 65 
pounds per square Inoh. 

Earth-command may override the automatic charging func- 
t i o n  of the battery charge regulator. 

-more - 
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The booster regulator  u n i t  receives unregulated power 
from 17 t o  27.5 v o l t s  d i r e c t  current from the so l a r  panel, 
the main battery, o r  both, and de l ivers  a regulated 29 v o l t s  
d i r e c t  current t o  the  spacecraf t ' s  three main power transmission 
l i nes ,  
needs, exoept f o r  a 22-volt unregulated l i n e  which serves 
heaters, switches, actuators ,  solenoids and e lec t ronic  c i r c u i t s  
which do not require regulated power o r  provide their  own 
regulation. 

These three l i n e s  supply a11 the spacecraf t ' s  power 

Telecommuuicat ions 

Communications equipment aboard Surveyor has three func- 
tiona: 
nals; t o  deoode commands sent  t o  the spacecraft; and t o  select 
and convert engineering and te lev is ion  data i n t o  a form s u i t -  
able f o r  transmission. 

t o  provide f o r  tmnsmission and reception of radio sig- 

The first group includes the  three antennas: one high- 
gain, d i r ec t iona l  antenna and two low-gain, omnidirectional 
antennas, two t ransmi t te rs  and two receivers  w i t h  transponder 
interconnections. Dual t ransmit ters  and receivers  are used 
f o r  r e l i a b i l i t y  . 

The high-gain antenna transmits 600-line te lev is ion  data. 
The low-gain antennas are designed f o r  command reception and 
transmission of other  data including 2004Line te lev is ion  data 
from the spacecraft .  The low-gain antennas a r e  each connected 
t o  one receiver,  The transmitters can be switched t o  either 
low-gain antennas o r  t o  the high-gain antenna: and can operate 
a t  low o r  high-power levels .  Thermal control  of the  three 
antennas is passive, dependent on surface coatings t o  keep 
temperatures within acceptable l i m i t s .  

either d i r e c t ,  (on-off) o r  quant i ta t ive  (t ime-intervals).  Each 
Incoming command is checked i n  a cen t r a l  coarmand decoder which 
w i l l  r e j e c t  a command, and s ignal  the re jec t ion  t o  Earth, i f  
the s t ruc tu re  of t he  command is incorrect.  Acceptance of a 
command is a l s o  radioed t o  Earth. The conunand is then sent  t o  
subsystem decoders that t r a n s l a t e  the binary information i n t o  
an ac tua t ing  s igna l  f o r  the function command such a s  squib  
firing o r  changing data modes. 

The command decoding group can handle up  t o  256 commands 

*ore - 
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Processing of most engineering data, (temperatures, 
voltages, currents,  pressures, rwitch posit ions,  e tc . )  i s  
handled by the engineering signal processor o r  the  auxi l ia ry  
processor. 
t he  spacecraft .  None are continuously reported. There are 
four  commutators i n  the engineering s ignal  processor t o  permit 
sequential  sampling of selected signals. The u s e  of a comuta tor  
i s  dependent on the type and amount of in fomat ton  required 
during various f l igh t  sequences. B c h  commutator can be com- 
manded i n t o  operation a t  any time and a t  any of the f i v e  b i t  
rates: 17.2, 137.5, 550, 1100 and 4,400 b i t s  per  second. 

There are over 200 engineering measurements of 

Commutated signals from the engineering processors are 
converted t o  10-bi t  data words by an analog-to-digital  conver- 
t e r  i n  the cent ra l  s ignal  processor and relayed t o  the t ransmit ter .  
The l o w  b i t  rates are normally used f o r  transmissions over the 
low gain antennas and the low power l eve l s  of the t ransmit ters .  

Propu 1 sion 

The propulsion system consis ts  of three l i q u i d  h e 1  
vernier  rocket engines and a sol id  f u e l  retromotor. 

The vernier  engines a r e  suppl ied  propellant by three 
f u e l  tanks and three oxidizer  tanks. There i s  one pate of 
tanks, f u e l  and oxidizer, f o r  each engine. The f u e l  and oxldi- 
ze r  i n  each tank is oontained i n  a bladder. Helium s tored 
under pressure i s  used t o  deflate the bladders  and force the 
f u e l  and oxidizer  i n t o  the feed l ines .  
pounds each. 

Tank capacity i s  170.3 

The oxidizer  i s  nitrogen te t roxide w i t h  10 percent n i t r i c  
oxide. The f u e l  i s  monomethylhydrazine monohydrate. An igni-  
t i o n  system is  not required f o r  the verniers  as the f u e l  and. 
oxidizer  are hypergolic, burning upon contact. The t h r o t t l e  
range i s  30 t o  104 pounds of thrust .  

The main r e t r o  i s  used at  the beginning of the terminal 
descent t o  the lunar  surface and slows the spacecraft  from an 
approach veloci ty  of about 6,000 miles per  hour 00 approximately 
250 miles per  hour. It burns an aluminum, ammonium-percholorate 
and polyhydrocarbon, case bonded composite type propel lant  w i t h  
a conventional gra in  geometry. 

The nozzle has a graphite th roa t  and a laminated p l a s t i c  e x i t  
cone. The case i s o f  high s t rength steel insulated with asbestos 
and s i l i c o n  dioxide-f i l led buna-N rubber t o  maintain the case 
a t  a low temperature l eve l  during f i r i ng .  

-more- 
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Engine thrust  va r i e s  from 8,000 t o  10,000 pounds over 
a temperature range of 50 t o  70 degrees F. Passive thermal 
control,  insu la t ing  blankets and surface coatings w i l l  rnain- 
t a i n  the  gra in  above 50 degrees P. It is  fired b a pyrogen 
ign i t e r .  
i s  spherical shaped, 36 inches i n  diameter. 

The main r e t r o  weighs approximately 1,4 T 4 pounds and 

Pl ight  Control Subsystem 

F l igh t  cont ro l  of Surveyor, cont ro l  of i ts  attitude 
and veloc i ty  from Centaur separation t o  touchdown on the Moon, 
is provided by: primary Sun sensor, automatic Sun acquis i t ion  
sensor, Canopus sensor, i n e r t i a l  reference uni t ,  a l t i t u d e  
marking radar, i n e r t i a  burnout switch, radar altimeter and 
Doppler veloci ty  sensors, f l igh t  cont ro l  e lec t ronics  , and three 
pairs of  cold gas jets. F l igh t  control  e lec t ronics  includes a 
d i g i t a l  programmer, gat ing and switching, logic and s igna l  
data converter f o r  the radar altimeter and Doppler ve loc i ty  
sensor, 

The information provided by the sensors i s  processed 
through logic  c i r c u i t r y  i n  the f l i g h t  control  e lec t ronics  t o  
y i e l d  actuat ing signals t o  the gas jets and t o  the three l i qu id  
f u e l  vern ier  engines and the so l id  f u e l  main r e t r o  motor. 

The Sun sensors provide information t o  the f l i g h t  control  
e lec t ronics  indicat ing whether or  not they are illuminated by 
the Sun. This information i s  used t o  order the gas j e t s  t o  
f i r e  and maneuver the spacecraft  u n t i l  the Sun sensors are 
on a direct  l i n e  w i t h  the Sun. The primary Sun sensor consiSts 
of f i v e  cadmium sulphide photo conductive cel ls .  During f l igh t  
Surveyor w i l l  c o n t i n u o w r i f t  off  of Sun lock i n  a cycle less 
than 0.2 0.3 degrees. The d r i f t  is  continuously corrected by 
signals from the primary sensor t o  t h e  f l i g h t  e lec t ronics  order- 
ing the p i t ch  and yaw gas jets t o  f i r e  t o  cor rec t  the d r i f t .  

Locking on t o  the  sbar Canopus requires  p r io r  Sun lock-on, 
G a s  j e t s  f i r e  in te rmi t ten t ly  t o  compensate f o r  d r i f t  t o  main- 
t a i n  Canopus lock-on and thus control spacecraft  r o l l  during 
c r u i s e  modes. If star o r  Sun lock i s  l o s t ,  control  i s  automati- 
c a l l y  switched from opt ica l  sensors t o  i n e r t i a l  sensors (gyros), 

The i n e r t i a l  reference un i t  i s  a l s o  used during mission 
events when the op t i ca l  sensors cannot be used. These events 
are the midcourse maneuver and descent t o  the lunar  surface. 
This device senses changes i n  a t t i t u d e  and i n  veloci ty  of the 
spacecraft w i t h  three gyros and an  accelerometer. .Information 
from the  gyros i s  processed by the  control  e lec t ronics  t o  order 

-more- 
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g a s j e t  firing t o  change o r  maintain the desired a t t i t u d e .  
During the t h r u s t  phases the i n e r t i a l  reference u n i t  cont ro ls  
vernier  engine thrust  levels ,  by d i f f e r e n t i a l  t h r o t t l i n g  fo r  
p i tch  and yaw control  and swiveling one vern ier  engine f o r  r o l l  
control.  The accelerometer controls the t o t a l  t h r u s t  l eve l .  

The a l t i t u d e  marking radar will provide the s ignal  f o r  
f i r i n g  of the main re t ro .  It is  located i n  the nozzle of the 
retromotor and is  ejected when t h e  motor ign i tes .  The radar 
w i l l  generate a s igna l  a t  about 60 miles above the  lunar  surface. 
The s igna l  starts the programmer automatic se uence af ter  a pre- 
determined period (directed by ground commandy; the  programmer 
then commands vernier  and r e t r o  Igni t ion and turns  on the Radar 
Altimeter and Doppler Velocity Sensor (RADVS). 

The i n e r t i a  burnout switch w i l l  c lose  when the t h r u s t  
l eve l  of the main retromotor drops below 3.5 g, generating a 
s igna l  which is  Iised by t h e  programmer t o  command je t t i soning  
of the retromotor and switching t o  RADVS control. 

Control of the spacecraft  a f te r  main r e t r o  burnout i s  
vested i n  the  radar altimeter and Doppler ve loc i ty  sensor. 
There are two radar dishes  f o r  t h i s  sensor. An altimeter/velo- 
c i t y  sensing antenna radiates two beams and a veloci ty  sensing 
antenna two beams. Beams 1, 2, and 3 give v e r t i c a l  and t rans-  
verse velocity.  Beam 4 provides a l t i t u d e  o r  s l a n t  range infor-  
mation. Beams 1, 2, and 3 provide veloci ty  data by summing In 
the signal data converter of the Doppler sh i f t  (frequency s h i f t  
due t o  ve loc i ty)  of each beam. 
data i s  f e d  t o  the  gyros and c i r c u i t r y  log ic  which i n  tu rn  con- 
t r o l  the th rus t  s igna ls  t o  the  vernier  engines. 

The converted range and veloc i ty  

The f l i g h t  control  e lectronics  provide f o r  processing 
sensor information i n t o  telemetry s igna ls  and t o  ac tua te  space- 
c r a f t  mechanisms. It cons is t s  of cont ro l  c i r c u i t s ,  a comrnand 
decoder and an AC/DC e lec t ronic  conversion un i t .  
cont ro ls  t i m i n g  of main r e t r o  phase and generates precision 
time de lays  f o r  a t t i t u d e  maneuvers and midcourse veloci ty  cor- 
rect ion.  

The programmer 

The a t t i t u d e  jets provide a t t i t u d e  control  t o  the space- 
c r a f t  from Centaur separation t o  main r e t r o  burn. The gas j e t  
system is  fed  from a spherical  tank holding 4.5 pounds of n i t ro-  
gen gas under high pressure. The system includes regulating 
and dumping valves and three pairs of opposed gas jets with 
solenoid-operated valves f o r  each j e t .  One palp of jets i s  loca- 
t e d  a t  the end of each of t h e  three landing legs. The pair on 
leg number one control  motion in  a horizontal  plane, Imparting 
r o l l  motion t o  the spacecraft. Pairs two and three control  e 

p i t ch  and yaw. 

-more- 
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Televi sion 

The Surveyor spacecraft  carries one survey te lev is ion  
camera. The camera I s  mounted nearly ve r t i ca l ly ,  pointed a t  
a movable mirror. 
360 degrees, and the  mirror can tilt down t o  view a landing leg  
t o  up above the horizon. 

The mounting containing the mirror can swivel 

The camera can be focused, by Earth command, from four  
f e e t t o  inf in i ty . ,  Its ir is  se t t ing ,  which controls  the amount 
of l i g h t  enbering the camera, @an adJus t  automatically t o  the 
l i g h t  l eve l  o r  can be commanded from Earth. The camera has a 
var iable  foca l  length lens  which can be adjusted t o  narrow angle, 
6.4 x 6.4 f i e l d  of view, t o  wide angle, 25.4 x 25.4 f i e l d  of 
view. 

A foca l  plane shut te r  provides an exposure t i n e  of 150 
milliseconds. The shut te r  can also be commanded open f o r  an 
inde f in i t e  length of t i m e .  A sensing divice coupled t o  the 
s h u t t e r  w i l l  keep it  from opening i f  the l i g h t  l eve l  is too 
intense.  A too-high l i g h t  leve l  could occur frm changes i n  the 
area of coverage by the  camera, a change in the angle of mirror, 
i n  the lens  aperture,  o r  By changes i n  Sun angle. The same 
sensor controls  t h e  automatic Iris setting. The sensing device 
can be overridden by ground command. 

The camera system can provide 200 o r  600-line pictures .  
The 600-line p ic tures  requ2re t h a t  the high gain d i rec t iona l  
antenna and the high power level  of the t ransmit ter  are both 
operating. 
onds and the 200 l i n e  mode every 61.8 seconds. 

providing clear ,  colored o r  polarizing f i l t e rs .  

frame near leg number one t o  provide addi t ional  coverage of 
the area under the spacecraf t  f o r  the te lev is ion  wkmera. 
lar er  mirror is 10 inches x 9 Inches; the smaller 1s 33 inches 

The 600-line mode provides a picture  each 3.6. sec- 

A f i l t e r  wheel can be commanded t o  one of four  posi t ions 

Two f la t  beryllium mirrors are mounted on the  spacecraft  

The 

X 9 f inches. 

The large mirror provides a view of the lower portion of 
crushable block number three and the area under vern ie t  engine 
number three. 
under vernier  engine number two . 
disturbed by the spacecraft  landing and the amount of damage 
t o  the crushable block i t s e l f .  

The small mirror provides a view of the area 

The purpose is t o  provide pictures  of the lunar  soil 

Principal  te lev is ion  invest igator  is Dr. Eugsaer Shoemker, 
U. S. Geological Survey. 

-more- 
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Surface Sampler Experiment 

Payload of the Surveyor C spacecraft  includes a surface 
sampler mechanism designed t o  provide s ignif icant  information 

I on the cha rac t e r i s t i c s  of the  lunar surface. 

To be flown for the first time on the th i rd  Surveyor 
mission and planned a l s o  f o r  Mission D, the metal claw Bigger 
may enable s c i e n t i s t s  t o  analyze the Moon's bearing strength 
t o  a depth of about 18 inches by digging holes and furrows and 
moving small amounts of lunar  s o i l  from one place t o  another. 

!!!he device is a scoop about f i v e  inches long and two inches 
wide attached t o  an extendable ann hinged horizontal ly  and 
v e r t i c a l l y  t o  the  spacecraft. The surface sampler i s  attacrhed 
t o  the spaceframe i n  place of the  downward-looking approach TV 
camera which was flown on Surveyors I and 11. 

The f l e x i b l e  arm, t o  which the scoop is r i g i d l y  attached, 
i s  made up  of tubular  aluminum ccoss members whfch operate 
mechanically I n  a sc i s so r  fashion t o  extend o r  r e t r a c t  the scoop. 
The am i s  spring-loaded and i s  held i n  i t s  re t rac ted  o r  p a r t i a l l y  
re t rac ted  posi t ion by a metal tape, one end attached t o  the scoop 
and the other  wound on a motor spindle a t  the base. Extension 
and r e t r ac t ion  of the arm is controlled by commands t o  the  motor 
t o  reel o r  unreel  the tape. Maximum extension i s  about f i v e  
feet from the spaceframe. 

Two other  motors, which can be operated i n  either direct ion,  
w i l l  allow the  arm t o  pivot 112 degrees i n  a horizontal  a r c  and 
t o  e levate  o r  lower the  scoop over a range of some 40 inches 
above t o  about 18 &hokes below a l eve l  lunar surface. Surface 
area ava i lab le  t o  the  sampler t o t a l s  about 24 square feet .  

A fourth motor, located i n  the scoop, opens and closes  
a two-by-four-inch door on the scoop. All four  motors operate 
on 22 v o l t s  of unregulated d i r ec t  current from the spacecraft  
battery.  They operate f o r  e i the r  of two time periods, a s ingle  
command pulsing the motor f o r  one-tenth of a second o r  f o r  two 
seconds. Select ion of the  motor t o  be operated, motor d i rec t ion  
and the  time period is made by ground command. 

The instrument w i l l  be used i n  conjuabtion w i t h  the  survey 
TV camera. The scoop will be positioned i n  view of t h e  camera, 
then act ivated t o  perform picking, digging o r  trenching opera- 
t ions .  V i s u a l  data combined w i t h  a determination of the force 
developed during the  digging i s  expected t o  indicate  strength,  
t ex tu re  and cbhesive charac te r i s t ics  of the s o i l .  

-more - 
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A single telemetry channel from the  Surveyor w i l l  monitor 
the e l e c t r i c  current being drawn by the motor i n  operation, 
By using pre-fl ight ca l ibra t ion  data, t h i s  measurement can be 
used i n  analyzing the force necessary t o  scrape o r  dig the 
surface and break small rocks o r  Clods. 

I n  the event of a canera failure, where the surface 
sampler must be used i n  the blind, the force measurements w i l l  
be of some, but  less value, i n  analyzing the operation of the 
Instrument. For maximum success of the experiinent, the surface 
sampler is  dependent upon v isua l  data from the TV camera, 

The scoop, a m ,  motors, and housing f o r  the device t o t a l  
about 8.4 pounda. The ins t ruaan t l s  e lec t ronics  un i t ,  located 
i n  a separate thermal-control comp&rtmenf;, walghs about 6.3 
pounds . 

Principal s c i e n t i f i c  invest igator  f o r  the surface sampler 
experiment i s  Dr. Ronald F. Scott of the California I n s t i t u t e  
of Technology. 
Hughes Aircraf t  Company, 

The instrument was designed and b u i l t  by the 

Ewineering Instrumentation 

Engineering evaluation of the Surveyor f l i g h t  will be 
augmented by an engineering payload including an auxi l ia ry  
battery, aux i l i a ry  processor for engineering information, and 
instrumentation consisting of extra temperature sensors, s t r a i n  
gauges f o r  gross measurements of vern ier  engine response t o  
f l i g h t  control commands and shock absorber loading a t  touchdown, 
and ex t r a  accelerometers f o r  measurements of vernier  engine 
response t o  f l i g h t  control commands and shock absorber loading 
a t  touchdown, and ex t ra  accelerometers f o r  measaring s t r u c t u r a l  
v ibra t ion  dur ing  main r e t r o  burn. 

The auxi l ia ry  ba t te ry  will pvovide a backup for both 
emergency power and peak power demands t o  the main battery 
and the so la r  panel. It i s  not rechargeable. 

The aux i l i a ry  engineering signal processor provide8 two 
addi t iona l  telemetry commutators for determining the  p e r f o m n c e  
of the spacecraft. It processes the Information In  the same 
manner as the  engineering singal proces8or, providing addi t ional  
s igna l  capacity and redundancty. 

-more- 
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ATLAS-CENTAUR LAUNCH VEHICLE 

Primary objective of the Atlas-Centaur 12 launch vehicle 
is to inject the Surveyor C spacecraft on a lunar impact 
trajectory with sufficient accuracy BO that the midcourse 
correction required of the spacecraft is within its capability 
of 111.85 miles per hour. 
a retromaneuver after spacecraft separation to ensure that the 
vehicle and spacecraft are adequately separated. 

The Centaur second stage will execute 

Surveyor C will be injected toward the Moon following 
primary boost by an Atlas, injection of the Centaur stage and 
spacecraft into a 100-statute m i l e  Earth parking orbit, and final 
injection of the spacecraft following a variable-length coast 
phase. 
from four to 25 minutes, 

This will be the first operational two-burn mission for 
the Atlas-Centaur vehicle. Previously, Surveyors I and I1 were 
successfully launched to the Moon using the single-burn, direct- 
ascent method. 

Depending on time of launch, the coast phase will vary 

Surveyor I was injected on its lunar-transfer trajectory 
with such accuracy thathe midcourse velocity correction re- 
quired by the spacecraft to land within ten miles of its pre- 
selected target was only about eight miles per hour. 
has a maximam "lunar miss" correction capability of 111.85 mph.) 
Even without a midcourse correction, Surveyor I would have 
landed only 250 miles from its target. 

The high-energy Centaur second stage demonstrated its 
capability to perform two-burn, parking orbit missions last 
October with the successfUl test flight of the AC-9 vehicle. 
That mission completed the Centaur vehicle development program 
and qualified the Centaur for operational use for both direct- 
ascent and parking orbit flights. 

vehicle is also scheduled to launch two Mariner spacecraft on 
Mars fly-bys during 1969. 
to launch the Orbiting Astronomical Observatory spacecraft and 
Advanced Technology Satellites beginning in 1968. 

(Surveyor 

In additlon to supporting the Surveyor program, the Centaur 

Centaur was also recently designated 

-more - 
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LAUNCH VEHICLE CHARACTERISTICS 

( A l l  f igures  approxlmate) 
. 

L i f  t o  f f we ight : 303,000 lbs. 

Lif tof f  height: 113 f e e t  

Launch Complen: 36-B 
Launch Azimuth: Variable: 93-115 degrees 

Weight: 

H e i g h t :  

Thrust: 

A t l a s - D  Booster Centaur Stage 

263,000 lbs, 37,8800 lbs. 

75 f e e t  (including 
Inters tage adapter) fairing) 

leve l )  &acurrm) 

47 feet (with 

388,000 lbs. (sea 0,000 lbso 

Propellants: Liquid oxygen and Liquid hydrogen 

Propulsion: MA-5 8y8tm (2- Two 15,000 lb. 

RP-1 and l iquid oxygen 

165,000 lb. thruet  t h rus t  RL-10 engines 
lnes,  1-57,000, 

Velocity: 

Guidance : 

5,600 mph a t  BECO 
7,900 mph a t  SECO InJection 

23,600 mph a t  

Pre-programmed auto- I n e r t i a l  guidance 
p i l o t  through BECO 

AC-12 oonsis ts  of a modified Series D Atlas combined with 
a Centaur second stage, Both stages a re  10 feet in diameter 
and are connected by an interstage adapter. Both the Atlas 
and Centaur stages rely on pressurization for  s t ruc tu ra l  in-  
t eg r i ty .  

-more - 
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The Atlas first stage is 75 feet high, including the 
in te rs tage  adapter, and uses a standard MA-5 propulsion 
system, 
engine, developlng 387,000 pounds of th rus t .  Two vernier  
engines of 670 pounds th rus t  each provide r o l l  d i rec t iona l  
control  , 

It cons is t s  of two booster engines and a sus ta iner  

The Centaur second stage Including the nose f a i r i n g  
is 47 f e e t  long. 
oxygen engines, designated RL-10 A-3-3. me RL-10 was the 
first hydrogen-fueled engine developed f o r  the space program 
and i s  the forerunner of the larger  5-2 and M - 1  hydrogen 
engines, which develop 200,000 and l,5OO,OOO pounds thrust, 
r e  spec t i v e  l y  , 

It i s  powered by two Improved RL-10 hydrogen- 

The current  Atlas-Centaur vehicle can launch about 2,350 
pounds on a two burn parking o r b i t  ascent lunar t ra jectory.  
An improved Atlas, ca l led  a Standardized Launch Vehicle (SLV-3C), 
used In  combination with Centaur w i l l  increase th i s  capabi l i ty  
t o  about 2,600 pound8 f o r  two burn parking o r b i t  ascent lunar 
missions. 

Modifications to  the vehicle t o  increase its payload 
capabi l i ty  include lengthening of the Atlas by four f ee t ,  which 
w i l l  increase i t s  t o t a l  propellant capacity by some 20,000 
pounds, and upratlng of the Atlas booster and sustainer  engines, 
which w i l l  increase the booster t h rus t  from 388,000 to  395,000 
pounds . 

The SLV-3C is  scheduled t o  be used i n i t i a l l y  on the AC-13 
mission. 

Centaur c a r r i e s  insu la t ion  panels and a nose f a i r i n g  
which are je t t i soned  a f t e r  the vehicle leaves the Earth's ahnos- 
phere. The Insulat ion panels, weighing about 1,200 pounds, 
surround the second stage hydrogen tanks t o  prevent the heat 
of a i r  f r i c t i o n  from causing excessive boil-off of l i qu id  
hydrogen during f l i g h t  through the atmosphere. The nose fair- 
ing pro tec ts  the payload from t h i s  same heat environment, 

-more - 
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TRACKING AND COMMUMICATION 

The f l i gh t  of the Surveyor spacecraft f r o m  in jec t ion  t o  
the end of the mission w i l l  be monitored and controlled by 
the Deep Space Network (DSN) and the Space Fl ight  Operations 
F a c i l i t y  (SFOF) operated by the J e t  Propulsion Laboratory. 

Some 300 persons w i l l  be involved i n  Surveyor f l i g h t  
monitoring and control  during peak times i n  the mission. On 
the Surveyor I f l ight  more than 100,000 ground commands were 
received and acted on by the spacecraft during f l i g h t  and 
a f t e r  the s o f t  landing. 

The Deep Space Network consis ts  of six permanent space 
communications s t a t ions  i n  Australia, Spain, South Africa and 
California;  a spacecraft  monitoring station a t  Cape Kennedy; 
and a spacecraft  guidance and a command s t a t i o n  a t  Ascension 
Is land in the South Atlantic.  

The DSN f a c i l i t i e s  assigned to  the Surveyor project  a r e  
Pioneer a t  Goldstone, Calif; Robledo, Spain; Tidbinbi l la  i n  
the  Canberra complex, Australia; and Ascension Island. 

The Goldstone f a c i l i t y  is operated by JPL  w i t h  the 
ass i s tance  of the Bendix Field Engineering Corp, 
Tidblnbi l la  f a c i l i t y  is  operated by the Austral ia  Department 
of Supply. The Robledo f a c i l i t y  i s  operated by JPL under an 
agreement with the Spanish government and the su por t  of 
I n s t i t u t o  Nacional de Tecnica Aeroespacial (INTA P and the 
Bendix Field Corp, The Ascension Island DSN f a c i l i t y  is 
operated by JPL w i t h  Bendix support under a cooperative agree- 
ment between the United Kingdom and the U,S, 

cont ro l  and data transmission between these s ta t ions .  The 
ground cornmicat ions system I s  a part  of a la rger  ne t  (NASCOM) 
which links a l l  of the NASA s t a t ions  around the world. This 
n e t  is  under the technical direct ion of NASA's  Goddard Space 
P l i g h t  Center, Greenbelt, Md. 

The 

The DSN uses a ground communications system f o r  operational 

The DSN supports the Surveyor f l i g h t  in tracking the 
spacecraft ,  receiving telemetry from the spacecraft ,  and sending 
it commands. The DSN renders this  support t o  a l l  of NASA's 
unmanned lunar and planetary spacecraft from the time they a r e  
in j ec t ed  in to  planetary o r b i t  u n t i l  they complete t h e i r  
missions . 

Stat ions of the DSN receive the spacecraft  radio signals,  
amplify them, process them t o  separate the data from the 
carrier wave and transmit required port ions of the data to 
the command center  via  high-speed data lines, radio links, and 
t e le type .  The s t a t i o n s  are also llnked with the center  by voice 
l i n e s .  A l l  incoming data a re  recorded on magnetic tape, 

-more- 



. 

I *  

-23 = 

The information transmitted f r o m  the DSN stationrs t o  the 
SPOF is  Ped i n t o  large sca le  eomputer systems which t r ans l a t e  
the d i g i t a l  code i n t o  engineering uni t s ,  separate information 
per t inent  t o  a given subsystem on the spacecraft, and drive 
display equipment i n  the SmF t o  present the information t o  
the engineers on the project.  
recorded In the computer memory system and are avai lable  on 
demand. 

A l l  incoming data a r e  again 

Equipment f o r  monitoring te levis ion reception from 
Surveyor is  located I n  the SPOF. 

Some of the equipment is designed t o  provide quick-look 
information f o r  decisions on commanding the camera t o  change 
iris se t t ings ,  change the f i e l d  of view from narrow angle to  
wide angle, change focus, o r  t o  move the camera either 
horizontal ly  OP ver t ica l ly .  Television monitors display the 
p i c tu re  being received. 
l i n e  and each l i n e  i s  held on a long persistence te lev is ion  
tube u n t i l  the p ic ture  is complete. A spec ia l  camera system 
produces p r i n t s  o f  the p ic tures  f o r  quick-look analysis.  

The pictures  a re  received l i n e  by 

Other equipment w i l l  produce b e t t e r  qua l i ty  p ic tures  from 
negatives produced by a precision film recorder. 

Commands t o  operate the camera w i l l  be prepared In 
advance on punched paper tape and forwarded t o  the s t a t ions  
of the DSN. ,They w i l l  be transmitted t o  the spacecraft  from 
the DSN s t a t ion  on orders from the SPOF. 

Three technical teams support the Surveyor te lev is ion  
mission i n  the SPOF: one is responsible fo r  determining the 
t r a j ec to ry  of the spacecraft  including determination of launch 
periods and launch requirements, generation of commands f o r  
the midcourse and terminal mheuvers; the second is  responsible 
f o r  contlnuous evaluation of the condition of the spacecraft  
from engineering data radioed to Earth; the t h i r d  is  responsible 
f o r  evaluation of data regarding the spacecraft and f o r  
generating commands controll ing spacecraft operations. 

-more- 
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TRAJECTORY 

The determination of possible launch days, spec i f i c  times 
during each day and the Earth-Moon t r a j e c t o r i e s  f o r  the Sur- 
veyor spacecraft  are based on a number of factors ,  o r  contraints.  

A primary constraint  is the tirne span during each day the 
Surveyor can be launched -- the launch window -- which is  de- 
termined by the requirement that the launch s i te  a t  launch time 
and the Moon a t  a r r i v a l  tlme be contained i n  the Earth-Moon 
t r a n s f e r  o r b i t  plane. With the launch s i te  moving eastward as 
the Earth revolves, acceptable conditions occur only once each 
day f o r  a given plane. However, by altering the plane a8 a re- 
s u l t  of changing the launch azimuth, or  d i rec t ion  of launch 
from the launch site, between an allowable 78 t o  115 degrees, 
East of North, the launch window can be extended up t o  a8 much 
as four  hours. 

The launch rrzimuth constraint  of 78 t o  115 degrees is im- 
posed by the range safety conaideration of allowing the i n i t i a l  
launch phase only over the ocean, not over land masses. 

The time of flight, o r  the time t o  landing, about 61-65 
hours, I s  determined by the constraint  placed upon the t ra jec-  
t o ry  engineer that Surveyor must reach the Moon during the view- 
ing  period of the prime Deep Space N e t  s t a t i o n  a t  Goldstone i n  
the California Mojave Desert. 

Landing sites are fu r the r  limited by the  curvature of the 
Moon. even i f  it 
falls within the acceptable band, i f  the curvature of the Moon 
w i l l  I n t e r f e re  w i t h  a d i r e c t  communication l i n e  between the 
spacecraft and the Earth.  

The t raJec tory  engineer cannot pick a site, 

Two other  f ac to r s  i n  landing si te se lec t ion  are smoothness 
of t e r r a i n  and a requirement f o r  Surveyor t o  land, i n  areas 8e- 
lected f o r  the Apollo manned l u n a r  mission. 

Thus the  t r a j ec to ry  engineer must t i e  together the launch 
charac te r i s t ics ,  the landing s i te  location, the declination of 
the Moon and f l ight  time, i n  determining when t o  launch, i n  
which direction, and a t  what velocity. 

the time allowable that the Surveyor can remain i n  the Earth's 
shadow. 
ponents or  subsystems,, I n  addition, the Surveyor must not re- 
main in the shadow of the Moon beyond given limits. 

His chosen t r a j ec to ry  a l s o  must not v io l a t e  constraints  on 

Too long a period can r e s u l t  i n  malfunction of com- 

-more- 
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The veloci ty  of the spacecraft when it arrives a t  the Moon 
must a l s o  fa l l  within defined limits. These limits are defined 
by the retrorocket capabili ty.  
Moon is primarily correlated with the f l ight  tiwe and the Earth- 
Moon distance f o r  each launch day. 

The veloci ty  r e l a t i v e  t o  the 

So, a fur ther  requirement on the t r a j ec to ry  engineer is the  
mount of f u e l  avai lable  t o  slow the  Surveyor from its lunar ap- 
proach speed of 6,000 mph t o  nearly zero velocity,13 feet above 
the Moonts surface. The chosen t r a j ec to ry  must not y i e i a v e l o -  
c i t i e s  that are beyond the designed capab i l i t i e s  of the space- 
c r a f t  propulsion System. 

Also included i n  t r a j ec to ry  computation is  the influence on 
the f l i gh t  path and veloci ty  of the spacecraft  of the gravita- 
t i o n a l  a t t r a c t i o n  of primarily the  Earth and Moon and t o  a lesser 
degree the Sun, Mercury, Venus, Mars, and Jup i t e r ,  

It is not expected that the launching can be performed with 
s a f f i c i e n t  accuracy t o  Impact the Moon i n  exactly the desired 
area. The uncertaint ies  involved i n  a launch usuallg yield a 
t r a j e c t o r y  o r  an i n j ec t ion  veloci ty  that vary s l igh t ly  from the 
desired values. The uncer ta in t ies  are due t o  inherent limita- 
t i o n s  i n  the guidance system of the launch vehicle. To compen- 
sate, lunar  and deep space spacecraft  have the  capabi l i ty  of per- 
forming a midcourse maneuver of t r a j ec to ry  correction. 
the  t r a j ec to ry  of a spacecraft  it is  necessary t o  apply thruat,  
o r  energy, i n  a spec i f i c  d i rec t ion  t o  change its velocity. The 
t r a j e c t o r y  of a body a t  a point  i n  space being bas ica l ly  detsr- 
mined by i t s  velocity. 

For example, a slmple midcourse m i g h t  involve correcting a 
too high in j ec t ion  velocity. 
would be cammnded t o  turn  i n  space u n t i l  i ts midcourse engines 
were pointing i n  its d i rec t ion  of t ravel .  Thrust from the en- 
gines  would slow t h e  c r a f t ,  However, i n  the general case the 
midcourse I s  far more complex and w i l l  involve changes both I n  
ve loc i ty  and i ts  d i rec t ion  of t ravel .  

To al ter 

To correct f o r  t h i 8  the spacecraft  

A ce r t a in  amount of thrust applied i n  a spec i f ic  d i rec t ion  
can achieve both changes. Surveyor w i l l  use  i ts  three l iqu id  
f u e l  vern ier  engines t o  a l t e r  its f l ight  path i n  the midcourse 
maneuver. It w i l l  be coagmanded t o  r o l l  and then t o  p i tch  or  yaw 
I n  order  t o  point the three engines i n  the  required direction. 
The engines then burn long enough t o  apply the change i n  veloci ty  
required t o  al ter the t ra jec tory ,  

The change i n  the t r a j ec to ry  i s  very slight a t  th i s  point 
and a t racking period of about 20 hours is required t o  determine 
the new traJectory.  This de tenn lns t~on  wi l l  a l s o  provide the data 
required t o  pred ic t  the spacecraf t ts  angle of approach t o  the 
Moon, tlme of a r r i v a l ,  and its veloci ty  as it approaches the Moon. 

-more- 
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ATLAS-CENTAUR 12/SURVEYOR C FLIGHT PLAN 

Surveyor C #ill be launched by Atlas-Centaur 12 from 
Cape Kennedy Canplex 36B i n  the launch Vehicle'8 first 
operatlonalmi8eion involving two burns of the Centaur 
aecond stage. 

Iaunch Periods 

Arrival Time Off -Vertical 
Iaunch Window Ineldence 

17 O l r 2 4  04:Og 19 igto6 22:06 26O 

18 03:10 05:43 20 20 :03 23 :33 !ao 
19 04:55 07:15 21-22 21:24 00:39 no 

21 08 :07 10:16 23-24 2 3 ~ 2 5  01:14 2 3 O  

20 06:b 0 8 ~ 4 5  22-23 22:24 O 1 : U  25' 

Atlas Phase 

After l i f t o f f ,  AC-12 will  rise v e r t i c a l l y  f o r  the first 
15 eeconda, then ro l l  t o  the desired f l i gh t  plane azlmuth 
of between 93 and 115 degrees. 
the vehicle is steered by the Atlas autopi lot .  

During boorster engin@ f l ight ,  

After 143 seconds of booster flight, the booster engines 
are shut down (BECO) and Jett isoned. 
system then takes  over flight control. The Atlas sus ta iner  
engine continues t o  propel t h e  AC-12 vehicle t o  an a l t i t u d e  
of about 85 miles. Pr ior  t o  sus ta iner  engine shutdown, the 
second stage insu la t ion  panels are je t t isoned,  followed 
by the nose fairings. 

The Centaur guidance 

The Atlas and Centaur stages are then separated by an 
explosive, shaped charge and retrorockets  mounted on the 
Atlas . 

Centaur Phase 

Centaur's hydrogen engines a r e  then ign i ted  f o r  a planned 
327-second burn. This w i l l  place Centaur and the Surveyor 
spacecraf t  i n t o  a 100-mile Earth parking orb i t .  

A s  Centaur18 engines are shut down and the coast phase 

-more- 
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begins, two 50-pound-thruat hydrogen-peroxide rockets are 
fired t o  set t le  the propel lants ,  

Two hydrogen-peroxide ullage rockets, each with three 
pounde thrus t ,  are then fired continuously during the coast 
period t o  r e t a i n  the propel lants  i n  the lower p a r t  of the 
tanks . 

During the coast period I n  Earth o rb i t ,  control  of 
Centaurwil l  be accomplished using two c l u s t e r s  of 3.5 and 
six-pound t h r u s t  hydrogen-peroxide rockets. 

two 50-pound t h r u s t e r s  are again used t o  insure proper 
propel lant  settling . 

About 40 seconds before Centaur's second burn, the 

Once Centaur is i n  an accurate pos i t ion  t o  i n j e c t  the 
Surveyor toward the Moon, t he  hydrogen-fueled main engines 
are ign i t ed  f o r  an approximate 107-second burn, The second- 
burn command and duration of the burn are determined by 
Centaur's i n e r t i a l  guidance system, as are a l l  command and 
steering functions following Atlas booster engine cutoff and 
j e t t i s o n .  

Separation 

The Surveyor spacecraft  is separated frcm Centaur and 
InJected toward the Moon. 

Following 8 acecraf t  separation, the Centaur vehicle 
w i l l  perform a 1 b -degree reorientat ion maneuver, using its 
a t t i t u d e  control  syetem. 

Centaur's veloci ty  is then changed by retro-thrusting. 
The t h r u s t  f o r  t h i s  maneuver is produced bv two 50-pound 
hydrogen-peroxide th rus t e r s  as well as by 'blowing" res idua l  
propel lan ts  through Centaur's main engines. 

As a r e s u l t  of this  retramaneuver the Centaur and the 
spacecraf t  w i l l  be separated by a t  least 200 s t a t u t e  miles, 
f i v e  hours after launch . 

The Centaur vehicle w i l l  continue i n  a highly e l l i p t i c a l  
Earth o r b i t  with a period ranging froaneight t o  11 days. 

Flrst Surveyor Events 

commands Surveyorls legs and two omnidirectional antennas 
t o  extend and orders the spacecraf t ' s  t ransmi t te r  t o  high power. 

Short ly  after Centaur engine shutdown, the programmer 

After Surveyor separates from the  Centaur an automatic 

-more- 
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command is  given by the spacecraft  t o  f i re  explosive b o l t s  
t o  unlock the s o l a r  panel. A stepping motor then moves the  
panel t o  a prescribed posit ion.  Solar panel deployment can 
a l s o  be commanded from the ground i f  the automatic sequence 
fa i ls  . 

Surveyor W i l l  then perform an automatic Sun-seeking man- 
euver t o  s t a b i l i z e  the p i tch  and yaw axes and t o  a l ign  i t s  
s o l a r  panel with the Sun f o r  conversion of sunlight t o  elec- 
t r i c i t y  t o  power the spacecraft. Pr ior  t o  t h i s  event the 
spacecraft  main battery is providing power. 

The Sun acquis i t ion sequence begins immediately after 
separation fbom Centaur and simultaneously with the  s o l a r  panel 
deployment. The nitrogen gas j e t  system, which I s  activated 
a t  separation, w i l l  f irst eliminate random pitch,  r o l l  and 
yaw motions resu l t ing  from separation frm Centaur. Then Q 
sequence of controlled r o l l  and yaw turning maneuver8 is 
commanded f o r  Sun acquisit ion.  

Sun sensors aboard Surveyor w i l l  provide signals t o  the 
a t t i t u d e  control gas jets t o  stop the spacecraft when it is  
pointed a t  the Sun. Once locked on the Sun, the gas jets 
w i l l  f i re  in te rmi t ten t ly  t o  control p i tch  and yaw a t t i t ude .  
P a i r s  of a t t i t u d e  control jets are located on each of the three 
landing legs of the spacecraft .  

I n  the event the spacecraft  does not perfom the Sun 
seeking maneuver automatically, t h i s  sequence can be com- 
manded from the ground. 

The next c r i t i c a l  step f o r  Surveyor is acquisstion of 
i ts radio signal by the Deep Space N e t  t racking s t a t ions  a t  
Ascension Island and JohaMeSburg, South Africa, the first 
DSN s t a t i o n s  t o  B e e  Surveyor a f t e r  launch. 

It is c r i t i c a l  a t  t h i s  point t o  establish the communi- 
cat ions link with the spacecraft  t o  receive telemetry t o  
quickly determine the condition of the spacecraft ,  f o r  can- 
mand capabi l i ty  t o  assure control, and f o r  Doppler measure- 
ments from which veloci ty  and t r a j ec to ry  are computed. 

The t ransmit ter  can only operate a t  high power f o r  
approximately one hour without overheating. 
however, t ha t  the ground s t a t ion  w i l l  lock on t o  the space- 
c r a f t ' s  radio s igna l  within 40  minutes after launch and i f  
overheating is indicated, the t ransmit ter  can be commanded 
t o  low power. 

The next major spacecraft  event after the Sun ha8 been 
acquired 1s Canopus acquisit ion.  Locking on the star 
Canopus provides a fixed i n e r t i a l  reference f o r  the r o l l  orienta- 
t ion. 

It is  expected, 

-more- 



8 

-29- 

Canopus Acquisition 

Canopus acquis i t ion  w i l l  be commanded from the ground 
The gas je ts  will f i re  t o  r o l l  about s i x  hours after launch. 

the spacecraft  a t  0.5 degree per second. -When the sensor 
sees the predicted brightness of Canopus ( t h e  b r i  test star 

and lock onthe star. The brightness of the light Bource 
it is seeing w i l l  be telemetered t o  Earth t o  ver i fy  that 
it is  locked on Canopus. 

i n  the Southern Hemisphere) it w i l l  order the r o l  f t o  s top  

Verification can also be provided by a ground coanaand 
ordering a 360 degree r o l l  and the p lo t t i ng  of each light s o u ~ c e  
the sensor sees that I s  i n  the s e n s i t i v i t y  range of the sensor. 
(The sensor will ignore light leve ls  above and below given 
in t ens i t i e s . )  
pared before launch t o  ver i fy  t h a t  the spacecraft  is  locked on 

Wow properlyoriented on the Sun and on Canopus, Sur- 

T h i s  star map can be compared with a map pre- 

CanQPUS. 

veyor is i n  the coast phase of the t r a n s i t  t o  the Moon. 
Surveyor is transmitt ing engineering data t o  mrth and 
receiving commands v i a  one of i t s  omnidirectional antennas. 
Tracking data is  obtained from the pointing d i rec t ion  of 
ground antenna and observed frequency change (Doppler) . 

The s o l a r  panel is providing e l e c t r i c a l  power and 
addi t ional  power f o r  peak demands i s  being provided by one of 
two b a t t e r i e s  aboard. The ga8 j e t s  a r e  firing in te rmi t ten t ly  
t o  keep the c r a f t  aligned on the Sun arid Canopus. 

The engineering and tracking information I s  received 
from Surveyor a t  one of the s t a t ions  of the Deep Space N e t .  
The data i s  communicated t o  the Space Fl ight  Operations 
F a c i l i t y  (SFOF) at the  J e t  Propulsion Laboratory i n  Pasa- 
dena where the f l i g h t  path of the spacecraft  is careful ly  
calculated and the  condition of the spacecraft  continuously 
monltored. 

Midcourse Maneuver 

t r a J e c t o r y  correct ion must be made t o  land Surveyor I n  the 
given t a rge t  area. This t r a j ec to ry  correction, cal led the 
midcourse maneuver, i s  required because of many uncertaln- 
t ies  i n  the launch operation that prevent absolube accuracy 
i n  placing a spacecraft  on a t ra jec tory  that  w i l l  in tercept  
the Moon prec ise ly  a t  the desired landing point. 

Tracking data w i l l  be used t o  determine how large a 

The midcourse maneuver i s  timed t o  occur over the Goldstone 
s t a t i o n  of the DSN i n  the Mojave D e ~ e r t ,  the  tracking s t a t i o n  
nearest  the SFOF a t  JPL. 
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The thrust for the midcourse maneuver w i l l  be provided by 
the spacecraft's three liquid fuel vernier engines, 
level is controlled by an accelermeter at a constant accel- 
eration equal to 0.1 Earth g (3.2 ft/sec/sec). Pointing 
error8 are sensed by gyros which can cause the individual 
engines to change thrust level to correct pl;tch and yaw 
errors and swivel one engine to correct roll errorso 

Total thrust 

Plight controllers determine the required trajectory 
cheurge to be accanplished by the midcourse maneuver, 
order to align the engines in the proper direction to apply 
thrust to change the trajectory, or flight path, Surveyor will 
be ccunmanded to roll, then pitch or yaw to achieve this 
alignment, #ormally, two maneuvers are required, a roll-piteh 
or a roll-yaw, 

In 

The duration of the first maneuver is radioed to the 

Assured that Surveyor has received the 
spacecraft, stored aboard and re-transmitted back to Earth 
for verification. 
proper information, it is then commanded to perform the 
first maneuver. When completed, the second maneuver is 
handled in the eame fashion. 
properly in apace, the number of seconds of required thrust is 
transmitted to the spacecraft, stored, verifled and then 
executed, 

With the spacecraft now aligned 

In the event of a failure of the automatic tlmer aboard 
the spacecraft which checks out the duration of each maneuver 
turn and firing period, each step in the sequence can be 
performed by carefully timed ground cannnands, 

After completion of the midcourse maneuver, Surveyor 
reacquires the Sun and Canopus. Again Surveyor is in the 
cruise mode and the next critical event will be the terminal 
maneuver , 

Terminal Sequence 

The first step starts at about 1,000 miles above the 
Moon's surface, The exact descent maneuvers w i l l  depend on 
the flight path and orientation of the Surveyor with respect 
to the Moon and the target area. Normally they will be a 
roll followed by a yaw or a pitch turn. As in the midcourse 
maneuver, the duration tlmes of the maneuvers are radioed 
to the spacecraft and the gas jets fire to execute the re= 
quired roll and pitch and yaw. The object of the maneuver 
is to align the main retro solid rocket with the descent 
path. To perform the maneuvers, the spacecraft w i l l  
break its lock on the Sun and Canopus. Attitude control 
will be maintained by inertial sensors, Gyros will 8ense 
changes in the attitude and order the gas jets to fire to 
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CRUISE ATTITUDE 

PRE-RETRO MANEUVER 30 MIN. 
BEFORE TOUCHDOWN ALIGNS 
MAIN RETRO WITH FLIGHT PATH 

\ 
\ 

SURVEYOR TERMINAL DESCENT 
TO LUNAR SURFACE 

(Approximate Altitudes and Velocities Given) 

MAIN RETRO START BY ALTITUDE 
MARKING RADAR WHICH EJECTS 
FROM NOZZLE, CRAFT STABILIZED 
BY VERNIER ENGINES AT 
52 MI. ALTITUDE, 5,900 MPH 

0 

\ 
\ 
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MAIN RETRO BURNOUT AND EJECTION, 
VERNIER RETRO SYSTEM TAKEOVER AT 
37,000 FT, 400 MPH 

s 

AT 8 MPH 
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maintain %he correct a t t i t u d e  u n t i l  the retroldcket  is 
Ignited. 

With the spacecraft properly aligned, the a l t i t u d e  mark- 
ing radar will be activated,  by ground oommand, a t  approximately 
200 miles above the Moon's surfam. 
events w i l l  be automatically controlled by radars and the f l i g h t  
control  programer.  
t o  help the main battery supply the heavy loads required during 
desoent . 

All subaequent terminal 

The auxi l ia ry  battery w i l l  be connected 

A t  approximately 60 miles' s l a n t  range from the Moon's 
aurface, the marking radar starts the f l i g h t  control  program- 
mer clock which then counts down a previously atored delay 
time and then commands ign i t ion  of the so l id  propellant aa in  
r e t r o  and the three l iqu id  fueled, throttleable vernier  engines. 
The vernier  engine8 maintain a constant arpacecraft a t t i t u d e  dur- 
ing main r e t r o  firing i n  the 0me manner as during ~ I d C Q u r s e  
thrusting. 

The spacecraft  w i l l  be t ravel ing a t  approxiaabely 6,000 
miles-per-hour. The main r e t r o  w i l l  burn out in 40 seconds 
a t  about 25,000 feet above the surface after reducing the 
ve loc i ty  t o  about 250 miles-per-hour. 
r e t r o  is separated from the spacecraft, on command from the 
programmer 12 88CQndS after burnout, by explosive b o l t s  and 
falls free. 

The casing of the main 

After burnout the flight control  programer w i l l  control 
the thrust l eve l  of the vernier e ine8 u n t i l  the  Radar A l t i -  
meter and Doppler Velocity Sensor T W V S )  lock8 up on i ts  re turn  
s igna ls  From the Moon's surface. 

Descent w i l l  then be controlled by the RADVB and the vernier 
engines. 
control  e lectronica t o  t h r o t t l e  the three veril ier engines re- 
ducing veloci ty  as the a l t i t u d e  decreases. A t  13 feet above the 
surface,  Surveyor w i l l  have been slowed t o  three miles per hour. 
A t  t h i s  point the engines a re  shut off and the  spacecraft  free 
falls t o  the surface. 

Signals frola RAmS w i l l  be processed by the flight 

Immediately after landing, flight oontrol power is  
turned off t o  conserve battery power. 



-32- 

Post-landing Evems 

Of prime i n t e r e s t  t o  the  engineera who designed Surveyor 
w i l l  be the engineering telemetry received during the descent 
and touchdown. 
eering telemetry t o  deternine the condition of the spacecraft. 
Then a series of wide angle, 200-line t e l ev i s ion  p ic tures  w i l l  
be taken. 

Touchdown will be followed by periods of engin- 

The s o l a r  panel and high gain planar array antenna will 
then be aligned with the Sun and Earth, respectively. If the 
high-gain antenna I s  successfully operated t o  look on Earth, 
transmis$ion of 600-1ine te lev is ion  phctures w i l l  begin. If 
it is necesrsara t o  operate through one of the low-gain, omni- 
d i rec t iona l  antennas, addi t ional  200-line pic tures  will be 
transmitted,  

The lifetime of Surveyor on the surface w i l l  be determined 
by a number of f a c t o r s  such as the power remaining i n  the 
batteries i n  the event that the Sun is not acquired by the s o l a r  
panel and spacecraft  reaotion t o  the intense heat of the lanar  
day and the deep cold of the  l u n a r  night. 
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